Robot-assisted laparoscopic prostatectomy (RALP) is a rapidly evolving technique for the treatment of localized prostate cancer. However, cynics point to the increasing role of market forces in the robotic revolution. As yet, Europe has not taken up RALP in large numbers and this may in part relate to the high level of expertise in laparoscopy previously gained. Furthermore, setting up a robotic programme is a major undertaking for many surgical units. This review discusses some of the challenges in the development of a robotic service drawn from personal experience within the United Kingdom. Furthermore, available data on RALP versus open and laparoscopic approaches are reviewed for surgical and cancer-related outcomes. Preliminary data appear to show an advantage over open prostatectomy with reduced blood loss, decreased pain and early mobilisation and shorter hospital stay. Most intra-institutional studies demonstrate better postoperative continence and potency with RALP; however, this needs to be viewed in the context of a paucity of randomized data available in the literature. There is no definitive data to show an advantage over standard laparoscopic surgery, but the fact that this technique has reached parity with laparoscopy within 5 years is encouraging: with continued experience, the hope is that results will continue to improve.
Introduction
Robot-assisted laparoscopic prostatectomy (RALP) has made a major impact on the development of minimally invasive surgery. In the United States, there are currently B350 robotic systems operating with a projected caseload of 35 000 patients for 2006; 1 this makes RALP the most frequent single surgical procedure performed with robotic assistance. While the socio-economic factors may be different in Europe, there are already a number of specialist centres with rapidly increasing experience in this procedure. Cynics point to an increasing role for market forces in the success of the robotic revolution; however, data appear to show an advantage over open surgery with reduced blood loss, decreased pain and early mobilization resulting in shorter hospital stay. Whether RALP is able to demonstrate better functional outcomes with better postoperative continence and potency is controversial. Most intra-institutional comparisons appear to show a benefit, 2 although they need to be viewed in the context of a paucity of randomized data available in the literature. Experienced open surgeons will argue that they can match all surgical outcomes provided for robotic surgery. At present there is no definitive data to show an advantage over standard laparoscopic surgery, but the fact that this technique has reached parity with laparoscopy within 5 years is encouraging: with continued experience the hope is that results will continue to improve.
Minimally invasive surgery
Minimally invasive surgery has made great advances in the treatment of benign and malignant urological conditions. However, while the advantages of the laparoscopic approach over standard nephrectomy and adrenalectomy have rapidly become clear, the same cannot be said for prostatectomy; this is mainly due to the high degree of technical expertise necessary for this procedure. Specific problems relate to the location of the prostate gland deep within the narrow confines of the pelvis making difficult dissection and anastomosis. Guillonneau et al. 3 classified laparoscopic prostatectomy as the most difficult laparoscopic operation along with lumbo-aortic node dissection. Therefore, the recommendation is that only surgeons with considerable experience in laparoscopic surgery should consider undertaking laparoscopic prostatectomy. Certainly for the classically trained open surgeon, this form of surgery presents a major undertaking with the need to develop a completely new set of surgical skills.
For laparoscopic surgery to be successful, a number of intrinsic deficiencies need to be overcome and include (1) two-dimensional (2D) vision; (2) disjunction between the actual surgical field and the surgeon's view (that is, the TV screen is not perfectly aligned with the surgical field); (3) reduced haptic feedback; (4) inability of the surgeon to control the view of the surgical field; and (5) the need for counterintuitive movements.
These problems combine to make laparoscopy an immensely challenging technique, which requires many hours of intense training and practice in an attempt to master. Perhaps, the most difficult skill to master is learning to suture which is of critical importance in the reconstructive phase of prostate surgery. The development of robotics has attempted to alleviate some of these inherent difficulties as the system has been designed with more inherently intuitive movements. It has been proposed that the learning curve for many of these robotassisted procedures is gentler than for pure laparoscopy. 4 The development of robotic surgery
The first robot-assisted surgery was performed by Kwoh et al. 5 in 1988; they performed stereotactic brain surgery using a modified lightweight industrial robotic arm. In 1991, Davies et al. 6 were the first to report the use of a robot in urological surgery. They undertook a trans urethral resection prostate (TURP) using a modified industrial arm. Throughout this period, the US military defence department was actively researching this field in an attempt to develop a robot suitable for use on the battlefield. The release of some of these patents for civilian use has led to a surge of interest and advances in robotics in medicine. The first commercially available robotic system was ROBODOC, which was introduced in 1992 to perform orthopaedic hip surgery. 7 The most advanced surgical robots available are in fact 'master-slave systems', which allow a surgeon to control the movement of a robot from a remote position through the use of a console. In fact, some have argued the term robot is inappropriate preferring the term 'computerassisted surgery'. 8 This may be technically correct although we are still a long way away from a robot performing surgery in the true sense of the word. Currently, there are three main systems available in urological practice, all at varying stages of development:
Automated endoscopic system for optimal positioning (AESOP; Computer Motion, CA now Intuitive Surgical Corp.); PAKY-RCM (Urorobotics, Baltimore, MD); and Da Vinci (Intuitive Surgical Corp., Sunnyvale, CA, USA).
AESOP
Automated endoscopic system for optimal positioning was introduced in the mid-1990s and was designed as a robotic surgical assistant for laparoscopy. This was a table-mounted system that controlled a laparoscope, initially by hand or foot, but latterly by voice activation. This was the first surgical robotic system to gain approval by the US FDA and was used commonly for laparoscopic radical prostatectomy (LRP). Kavoussi et al. 9 noted this robot gave steadier images with less inadvertent instrument collisions than an inexperienced human assistant. This has been subsequently augmented by a rather simple telemanipulator named ZEUS.
PAKY
This robotic system was developed for percutaneous access to the Kidney and was first developed in 1996. This has now been superseded by the Tracker system in 2002. This system was responsible for the first randomized control trial of telerobotic surgery performed between Guy's and John Hopkins Hospitals with robotic needle punctures during percutaneous nephro lithotomy (PCNL). 10 While the robot took longer to perform the procedure, it was significantly more precise than a human.
Da Vinci robot
This is the state-of-the-art robotic surgical system, which has shown to be superior to its direct competitor, the ZEUS. A corporate merger in 2003 resulted in Intuitive Surgical acquiring the rights to both machines, and hence the latter is now being phased out. The Da Vinci robot consists of a camera, a three-or four-arm robot and a master console. One of the major advances with this system is the intuitive nature of operation. The robotic arms have unique Endo-wrist articulations allowing six degrees of freedom, which is similar to the number of degrees of freedom of the human wrist. The instrumentation provides a three-dimensional (3D) vision to the operating surgeon with the ability to have Â 10 magnification. The console instruments are sensitive enough to translate a pressure of X2.2 N and are also able to filter out surgical tremor. 11 Furthermore, the ergonomic design of the console allows the surgeon to sit more comfortably while viewing the surgical field.
The development of the RALP
In May 2000, Binder and Kramer 12 performed the first robotic radical prostatectomy at Frankfurt University using the Da Vinci system. The first 10 cases were reported the following year and this showed that the procedure was technically feasible although mean operative time was around 9 h. The same year other European surgeons took on the challenge of RALP. 13, 14 While 
Setting up a robotic service
To establish a successful robotic radical prostatectomy programme, it is essential to have a highly motivated team. Specific training requirements are necessary for nurses, technicians and surgical assistants. Therefore, it is crucial to be able to retain staff and have as little disruption as possible. A highly trained surgical assistant can be indispensable and this may be difficult to maintain if a rotation system exists for surgical trainees.
While there may be no specific training programmes for surgeons wishing to undertake RALP, a lot can be learnt from those who are now firmly established. Initial experience can be gained in skills laboratories with the favoured porcine animal useful as a model with limited intra-abdominal fat and good tissue planes for dissection: this can be useful before progressing to the human cadaver. There is no agreement on the recommended number of observed RALPs before able to progress to console work, however, the majority of experts agree that a stepwise progression from second assistant, first assistant followed by console phase appears to make for the smoothest transition. The authors' initial robotic experience consisted of a team of three urologists (RSK, PD, CA): RSK an experienced open surgeon (41000 open prostatectomies), PD having moderate experience in robotic cystectomy and CA an experienced laparoscopic surgeon. This combination of surgical skills gives an excellent blend of technical expertise and Sim et al. 16 reported that this team-based approach reduces the learning curve.
Obviously the learning curve for RALP will differ for each individual according to a number of surgeonrelated factors. Ahlering et al. 4 demonstrated that experienced urologists trained in conventional open prostatectomy can reduce the learning curve for laparoscopic prostatectomy when using the robot-assisted approach. However, Herrell et al. 17 reported that 4150 cases need to be performed before all outcome variables reached parity with the open technique. Furthermore, 4250 cases needed to be performed before confidence levels of the operating surgeon were similar to the open technique. These figures have important implications for any group intending to set up a robotic prostatectomy programme. The median number of radical prostatectomies performed by urologists in the United States is only seven cases per year, clearly at this rate many will never overcome the learning curve. 17 
Robotic radical prostatectomy: the technique
The technique of RALP varies considerably between individual surgeons and is heavily influenced by the operative background of the surgeon as well as the preferred mentoring technique. The first RALP performed by the Frankfurt surgeons, who had no specific laparoscopic experience, followed a mixed antegrade and retrograde route similar to the technique described by Walsh and Campbell. 18 Guillonneau, 19 an acknowledged expert in laparoscopy, chose to reproduce the laparoscopic technique when performing RALP and therefore used the antegrade Montsouris technique. Rassweiler decided on the retrograde Heilbronn technique. 20 None of these techniques has any proven advantage over another, but it is probably the approach of Menon et al. 15 using the VIP that is probably most commonly used.
The goal of RALP is identical to that of open surgery: complete removal of the prostate and seminal vesicles (hopefully with clear margins and a good functional outcome in terms of continence and sexual function). The role of pelvic lymphadenectomy is controversial, and while it is not difficult to perform via the robotic technique, it is best reserved for higher-grade cancers or those with high prostate specific antigens (PSAs) (415). Both extraperitoneal 21 and transperitoneal approaches 22, 23 are feasible, but neither technique appears to offer a distinct advantage in clinical outcome. 24 The extraperitoneal approach helps isolate any urine leak from the peritoneal cavity and may help with postoperative tamponade of bleeding. Furthermore, the extraperitoneal approach decreases the risk of intraabdominal complications such as bowel injury. However, the working space is smaller and the pneumoperitoneum is lost more easily. Another advantage of the transperitoneal approach is the negligible risk of lymphocoele if pelvic lymphadenectomy is performed, because the lymphatic fluid can be directly absorbed within the peritoneal cavity. 24 Which technique is adopted is down to individual surgeon's choice, but it is probably fair to say that the majority of surgeons are currently using the transperitoneal approach.
Selection criteria are virtually the same for RALP as with open surgery. Port placement is key in robotic surgery, poor patient positioning and inadequate placement of ports will lead to cumbersome and frustrating experience. Hemal et al. 25 emphasize that optimum port placement requires individual patient considerations resulting in subtle adjustments to standard set-up approach. Obesity does not appear to be a particular problem for the operating surgeon although extralong laparoscopic instruments may be needed. Khaira et al. 26 studied 285 patients undergoing RALP (236 not obese versus 49 obese) and noted that despite longer times to complete the anastamosis and port closure, there was minimal differences in overall operative time. However, it does appear that these patients do worse following this type of surgery: Ahlering et al. 27 noted that baseline sexual and urinary functions were significantly worse (versus non-obese comparison) and that there was a strong trend towards delayed recovery time. Obesity may also be a problem for the anaesthetist with a steep Trendelenburg tilt and high intra-abdominal pressure making ventilation difficult. 28 Large prostates (4100 cm 3 may pose greater difficulty and the authors recommend leaving these until greater confidence is gained. Open radical prostatectomy (RP) can be an extremely difficult procedure following mesh repair of hernia, but with the transperitoneal LP or RALP, this does not appear to be a particular problem; 29 any adhesion has to be carefully dissected in the initial phase of the operation, but once complete, it is possible to proceed as planned. Similarly during RALP, it is possible to identify and treat laparoscopically diagnosed or undiagnosed inguinal hernia. This takes a matter of a few minutes and involves the insertion of a prolene mesh, which is manoeuvred around the spermatic cord and stapled into position; this would not be as easy with the open technique.
The technique for RALP is variable and may be divided into 12 basic steps ( Recently, there has been some re-evaluation of the anatomic considerations for RALP. While both antegrade and retrograde approach are feasible, Costello et al. 31 believe that dissecting from bladder neck to apex has the potential benefit of avoiding traction on the neurovascular bundles. One particular step of this approach that may be particularly challenging is the identification of the seminal vesicles and vas deferens. Hemal et al. 32 report the identification of the 'window sign' as the plane re-entered after division of the prostate from the posterior bladder neck. This sign assists in identification of the seminal vesicles, allows elevation of the prostate and control of the pedicles and avoidance of the neurovascular bundles. In 2005, Kaul et al. 23 reported a modification to the standard VIP technique developing a prostatic fascia sparing VIP. This novel technique involved the preservation of the prostatic fascia by meticulous dissection around the pubourethral ligament to create an intact veil of tissue the so-called 'veil of Aphrodite'. There is a great deal of controversy surrounding the veil of Aphrodite, but Kaul et al. 23 believe this to be important in preserving neural tissue and leading to improved potency. It is proposed that accessory neural channels exist in this lateral prostatic facia that may supply innervation to the penis. In the same year, Ahlering's group 33 described a technique of cautery-free neurovascular preservation for RALP, by the use of bulldog clamps and FloSeal to control vascular pedicles and guarantee appropriate haemostasis along the posterolateral plane of dissection. Certainly, there is good evidence to show that avoidance of thermal energy near the neurovascular bundles is necessary. Ong et al. 34 used a canine model to show the deleterious effect of diathermy on cavernous nerve function. A total of 25% of cases will have accessory pudendal arteries; these typically penetrate the genito-urinary diaphragm just lateral to the puboprostatic ligament and need to be preserved as these vessels which may be important for erectile function and continence. 35 Other significant points relate to the preservation of the puboperinealis muscle which covers the urethra and is the most anteromedial component of the levator ani; this appears to have a special role in the urinary continence mechanism. 36 Others recommend preservation of the puboprostatic ligaments which fix the prostate to the pubis, maintaining support for the striated sphincter 37 and helping prevent hypermobility of the penis. 38 A number of groups feel that puboprostatic preservation is important in helping gain early continence.
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Disadvantages of robotic surgery
While the current Da Vinci robot appears to be the best system available for RALPs, there are a number of potential problems. Perhaps the main disadvantage is the lack of haptic feedback, which is normally present during open surgery and to a lesser degree during laparoscopic surgery. At present, bone contact appears to be the only tactile sensation noticeable although with experience it is possible to partially compensate by the use of visual clues of tissue compressibility or elasticity, this is clearly less than ideal. Kitagawa et al. 41 have tried to substitute direct haptic feedback with visual and auditory cues to alert the surgeon during surgical knot tying. Certainly systems designed for the future will need to incorporate this factor.
Further problems relate to the somewhat cumbersome nature of the machinery. The robotic cart and console weight more close to 2 tons, which may require floor strengthening. Furthermore, the entire robotic system occupies a sizeable footprint in the operating theatre, therefore many hospitals have had to create specially designed operating suites to accommodate this. The telerobotic arms also need a clear working space outside of the patient and this makes it difficult, although not impossible, to use in paediatric cases or Asian men who typically have small body frames and narrow pelvis. External robotic arm collision can be a serious problem if occurred and typically result in default robot settings necessitating time consuming de-docking or occasionally equipment damage. This is not an insignificant problem with each arm costing in the order of $250 000. The overall operative time may also be prolonged and this relates to increased set-up times, laparoscope calibration and prolonged surgery. We have found that the average operating times can be reduced to as little as 1.5 h console time with experience. Finally, the considerable costs make this a serious financial proposal by any hospital. 42 The cost includes the initial capital investment as well as the maintenance cost plus the use of any special laparoscopic instruments which have a programmed senescence ( Table 2 lays out potential set up and running costs in developing a robotic programme).
Evaluation of the robot
In view of the considerable expense involved in setting up a robotic programme, it is critical that a thorough evaluation of any proposed benefits is rigorously scrutinized. Dasgupta et al. 43 argue that the time has come to move away from the commercial marketing and truly evaluate the machine. Randomized clinical trials are unlikely to ever take place and in such instances 44 whether this correlates to robotic 3D vision as better than laparoscopic 2D is unclear. While intuition would seem to point to six degrees of freedom in robotics as better than the four degrees in laparoscopy, further analysis is needed. Similarly, while claims are being made that the Da Vinci robot is more ergonomic than pure laparoscopy, as the surgeon sits at a console, these need to be supported with hard evidence; this is currently being investigated at a number of centres.
Proposed benefits of RALP
Ultimately, the decisive factor on the success or failure of RALP will be the relative benefits to the patient. At present it appears that RALP is at least as effective as LRP or open prostatectomy in terms of cancer control and functional outcomes, although there is little evidence directly comparing the two modalities (Table 3 summarizes the major studies). Menon et al. 45 performed a prospective comparative study of RALP versus open prostatectomy. Results demonstrated that RALP was safer with reduced blood loss compared to open. Other groups agree noting a significant difference in median serum discharge haematocrit with RALP 37% versus radical retropubic prostatectomy (RRP) 33%. 46 Certainly, blood loss with RALP is minimal and reports of 100-200 ml and a transfusion rate of 0-3% seem achievable. 47, 48 For the open surgeon, these figures are very difficult to achieve. However, the challenge of RALP has taken forward the achievements of open surgery and Herrell et al. 49 do report comparable results with open RRP, but this has to be taken in the context of a highly experienced surgeon who has performed over 2500 cases. Comparison of blood loss during laparoscopic or robotic is less clear. One study by Joseph et al. 50 retrospectively analysed 50 cases of LRP versus a similar number of RALP; results showed a statistically significant reduction in blood loss (299 versus 206 ml) for RALP, but the clinical significance of this is uncertain.
Other benefits include reduced postoperative pain and early discharge. The Vattikuti institute report that 95% of patients are discharged within 24 h and with a tendency to progress to discharge within 6 h. 47 However, data on inpatient stay in the United States have to be treated with caution as discharge to an adjoining hotel with junior doctor cover is difficult to compare directly with the situation in much of Europe. Perhaps more appropriate are the data from Melbourne, Australia; Costello et al. 51 RALP appears able to achieve similar cancer control in patients with organ confined disease. Most experienced robotic Adoption of robotic prostatectomy in the United Kingdom MA Goldstraw et al centres report margin rates from 4.5 to 16% on pathologically organ confined disease (pT2). 52, 53 Ahlering et al. 52 recently described a robotic technique to reduce the pT2-positive margin rate at the apex. Robotic dissection and visualization of the neurovascular bundle (NVB) and apical tissue allowed a reduction in the positive apical margin rate from 36 to 16.7% in their series.
Perhaps most controversy surrounds the reported incidence of erectile dysfunction and incontinence. Results vary greatly between institutes and this may reflect the lack of standardized definitions for these conditions. Continual refinements are being made to RALP in an attempt to optimize functional outcome for this procedure. Ahlering et al. performed a prospective analysis of 59 potent men (sexual health inventory for men (SHIM) scores 22-25) looking at short-term potency rates in men undergoing cautery-free robotic prostatectomy and compared them with a closely matched control group undergoing standard bipolar diathermy dissection. Results showed a fivefold improvement (43 versus 8.3%) in 3-month potency with cautery-free prostatectomy compared to the standard bipolar dissection. 54 Chien et al. 55 showed broadly similar potency results of 47% at 3 months using a clipless antegrade nerve preservation approach. Potency rates increased to 69% by 12 months and further long-term improvements may be expected. This study compares favourably with the outcomes for a series on open RRP using the same validated questionnaire 56 (reporting 36.7 and 50%, 3-and 12-month intervals).
A recent report by Menon et al. 57 has shown impressive results for erectile function: prospective analysis of 76 potent men (SHIMX21) undergoing RRP with either standard robotic nerve sparing prostatectomy (control) or the prostatic fascia (veil of Aphrodite) sparing technique (treatment) was performed. Results at 12-months follow-up showed that 51% of treatment patients achieved normal erections compared with 17% control patients without medication. This percentage increased to 86 and 26%, respectively with the use of a phosphodiesterase 5 inhibitor, and when the survey included all men able to achieve erection strong enough for intercourse, the figure reached 97% in the treatment group. Further analysis with an expanded group of 154 consecutive patients undergoing fascia-sparing prostatectomy reinforces the evidence that these men have excellent recovery of erectile function with 96% of men reporting having had intercourse. 58 Incontinence is perhaps the most troubling symptom to affect patients undergoing radical prostatectomy. Surgical technique undoubtedly plays a part in the stress incontinence that can occur after surgery. Intrinsic sphincter deficiency is common in the first few weeks after radical prostatectomy, but the overwhelming majority of patients eventually regain good urinary control. 59, 60 With the excellent vision of RALP and the magnification provided, a precise dissection of the prostatic apex is possible. This may be expected to cause minimal damage to the peri-urethral striated sphincter. This opens the potential for early return of continence. 2 While no definitive data are available yet, results look promising with a return to continence of 82-92% (none or one pad) after 6 months. 48, 61 In the comparison study by Joseph et al., both RALP and LRP groups had reached 90% total continence at 3 months. The only published non-randomized study comparing continence rates after RALP and RRP showed that robotic surgery allowed earlier continence recovery compared to the traditional retropubic approach. 62 
Conclusions
Robotic surgery has enormous popularity in the United States when one considers that it is only 6 years since inception. Moreover RALP is now the most commonly performed surgical procedure with robotic assistance. Whether the same transition takes place in the United Kingdom and the rest of Europe is uncertain. Europe already has a strong pedigree of highly skilled laparoscopic surgeons however, robotic technology allows inexperienced laparoscopic surgeons to shorten the learning curve significantly. Ultimately, if this technology is to be taken up in large numbers will depend on the functional results of patients undergoing this type of surgery. Certainly, patients appear to do very well from robotic surgery, but whether they do better than standard laparoscopic surgery is not yet clear. Caution has to be taken in interpreting the limited number of comparative studies available and this is particularly true with many of the non-randomized intra-institutional studies available. Furthermore, while RALP is still in an evolving technique and many argue that continual refinements to the technique are being made which will result in improved outcomes, these improvements may be matched with gains in laparoscopy. Ultimately, a highly skilled laparoscopic surgeon working in a specialist large volume centre may always be able to match results from robotic centres. However, the question has to be raised of whether the majority of open surgeons will benefit from this transition.
